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Cost—effectiveness of risk-based breast cancer screening programme,
China

Li Sun,? Rosa Legood,® Zia Sadique,? Isabel dos-Santos-Silva® & Li Yang®

Objective To model the cost—effectiveness of a risk-based breast cancer screening programme in urban China, launched in 2012, compared
with no screening.

Methods We developed a Markov model to estimate the lifetime costs and effects, in terms of quality-adjusted life years (QALYs), of a
breast cancer screening programme for high-risk women aged 40-69 years. We derived or adopted age-specific incidence and transition
probability data, assuming a natural history progression between the stages of cancer, from other studies. We obtained lifetime direct and
indirect treatment costs in 2014 United States dollars (US$) from surveys of breast cancer patients in 37 Chinese hospitals. To calculate QALYs,
we derived utility scores from cross-sectional patient surveys. We evaluated incremental cost—effectiveness ratios for various scenarios for
comparison with a willingness-to-pay threshold.

Findings Our baseline model of annual screening yielded an incremental cost—effectiveness ratio of USS 8253/QALY, lower than the
willingness-to-pay threshold of US$ 23 050/QALY. One-way and probabilistic sensitivity analyses demonstrated that the results are robust.
In the exploration of various scenarios, screening every 3 years is the most cost—effective with an incremental cost—effectiveness ratio of
US$ 6671/QALY.The cost—effectiveness of the screening is reduced if not all diagnosed women seek treatment. Finally, the economic benefit
of screening women aged 45—69 years with both ultrasound and mammography, compared with mammography alone, is uncertain.
Conclusion High-risk population-based breast cancer screening is cost—effective compared with no screening.

Abstracts in G H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Breast cancer is the most common cancer among women.
Globally, 1.67 million women were diagnosed with breast
cancer in 2012, contributing to more than 25% of female cancer
incident cases.! The incidence of breast cancer among Chinese
women is increasing twice as fast as the global rate.” In China,
breast cancer is the most frequently diagnosed cancer and the
fifth leading cause of cancer-related deaths.’

Breast cancer is a potentially curable disease if diagnosed
and treated at an early stage. The Surveillance, Epidemiology,
and End Results Programme reported that women diagnosed
with breast cancer at an early stage (Stage I or II) have a better
prognosis (5-year survival rate, 85-98%) than for advanced
breast cancer (5-year survival rate for Stage III or IV, 30-70%).*
The strong argument for earlier diagnosis with respect to pa-
tient outcome has resulted in the initiation of breast cancer
screening programmes in many countries. The aims of such
programmes are the early diagnosis and treatment of cancer
patients to improve disease outcomes and to reduce mortality.”

Although population-based mammography has been
widely adopted in high-income countries for more than
30 years,® it is less cost—effective in low- and middle-income
countries.” Studies in China,*'° Ghana'' and the Islamic Re-
public of Iran'>"* have revealed that population-based mam-
mography is not economically attractive. However, a high-risk
population-based breast cancer screening programme could
contribute to a much higher detection rate’*'® and could
therefore be good value for money in low- and middle-income
countries.

Experts have recommended ultrasound as an adjunct to
mammography among high-risk women."~* For patients with
dense breasts, non-calcified breast cancers are more likely to be
missed by mammography;*' ultrasound permits the detection
of small, otherwise occult, breast cancer.””

In 2012, the Government of China launched a cancer
screening programme in 14 cities to screen common can-
cers, including breast cancer. Our objective was to provide
policy-makers with economic information regarding the
cost—effectiveness of breast cancer screening for high-risk
women. In this paper, we used a Markov model to compare the
lifetime effects, costs and cost—effectiveness of breast cancer
screening, versus no screening, using published data from this
programme (Fig. 1).

Methods
Screening strategy

To measure the individual risk of breast cancer, health profes-
sionals invited women aged 40-69 years to health facilities
and used paper-based questionnaires to collect information
on individual breast cancer exposure. The health professionals
then used the Harvard Cancer Index online tool, now called
Your Disease Risk, to process the collected information.”*** The
tool calculates individual cancer scores, by giving risk scores to
exposures, including family history, height, age of first period,
age of first birth, number of births, age at menopause, use of
oral contraceptives, estrogen replacement, Jewish heritage (i.e.
higher prevalence of BRACI/2 gene mutations) and exposure
to ionizing radiation. A total of 198097 women completed a
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Fig. 1. Current risk-based breast cancer screening programme in urban China, launched

in 2012
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Box 1. Model assumptions for estimating cost—effectiveness ratios of risk-based breast

cancer screening programme in urban China

Parameters

For progression rates between disease stages and relative risk of invasive cancer in ductal
carcinoma in situ, we obtained data from other countries and assumed the parameters
were applicable to China. We also used disutility score of screening from United Kingdom
of Great Britain and Northern Ireland in the baseline analysis. However, we explored the
uncertainty in the sensitivity analyses.

We assumed the risk of developing breast cancer among high-risk women was twice as
much as the general population, based on the minimum threshold in Harvard Cancer Index
(now called Your Disease Risk).

Model structure

We assumed patients at stage | can progress to stage II, stage Il and stage IV. All women
can die from non-breast cancer causes during disease progression, but only patients at
stage IV can die from breast cancer.

We assumed all women with suspicious screening findings either with mammography or
ultrasound proceeded to diagnostic biopsy. This follows the protocol of the Cancer Screening
Programme in Urban China.

In the base-case analysis, we assumed all breast cancer patients diagnosed by biopsy
received treatment. However, because uptake of treatment is uncertain, we explored the
scenario where only 70% of detected breast cancers received treatment.

risk assessment questionnaire during
2012-2013; 17 104 were identified as
being at high risk of developing breast
cancer."

The programme working group
estimated the population average score
based on the prevalence of risk factors
among the Chinese population, and
adjusted according to China’s cancer epi-
demiology data over 20 years."* The rela-
tive risk was obtained by comparing the

individual risk score with the population
average. Women with a relative risk of
>2 are defined as being at high risk. The
programme screens high-risk women
aged 40-44 years by ultrasound and the
women with suspected results are further
examined by mammography. Women
with a suspicious mammography result
are tested by biopsy for diagnostic con-
firmation. The programme screens high-
risk women aged 45-69 years by both
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mammography and ultrasound, and
suspected results from either method
are confirmed with biopsy.

For low-risk women, breast cancer
is only diagnosed on presentation of
symptoms. Breast cancer patients in the
screening arm can be diagnosed while still
asymptomatic, that is, at an earlier stage
of the disease when prognosis is better.

Modelling strategy

Box 1 presents our model assumptions.
We adapted a prior natural history Mar-
kov model® using the TreeAge software
(TreeAge software Inc. Williamstown,
United States of America), to inform a
long-term decision model. Our model
predicted the lifetime costs and quality-
adjusted life years (QALYs) of screening
and no screening for Chinese urban
women with no previous history of
breast cancer, from age 40 years to death.
We used an annual screening frequency
as the baseline, and we explored the sce-
narios of screening every 3 and 5 years.

Natural history

Fig. 2 illustrates the various health states
and the potential transitions between
them.® Healthy women can transition
to ductal carcinoma in situ or stage I
cancer, or remain free of cancer. Women
with ductal carcinoma in situ are at a
higher risk of developing invasive breast
cancer (relative risk: 2.02).* Patients at
stage I can progress to stage II, stage
III and stage IV in turn. All women
can die from causes other than breast
cancer during disease progression, but
only patients at stage IV can die from
breast cancer. The state progression
transition probabilities used in this
analysis are from models described in
the literature.**

We estimated the probability of
symptoms in an unscreened population
by calibrating the model as follows. In
the non-screening arm, incident cases
are only detected on presentation with
symptoms; the distribution of incidence
cases by stage is therefore a function of
the probability of transitions and the
probability of symptoms.*® We adjusted
the probability of symptoms until the
distribution of cases presented at each
stage was similar to the distribution
of reported incidence cases.>”’ Our
estimates of transition probabilities are
provided in Table 1.

We assumed that all suspected
cases proceeded to biopsy and that all
diagnosed cases received treatment at
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Fig. 2. Natural history model for breast cancer progression, China
Alive without breast | 5 Breast cancer Breast cancer Breast cancer Breast cancer > Death from
cancer Stagel Stage ll Stagelll Stage IV breast cancer
Ductal carcinoma Death from
L >
insitu other causes

Notes: The box represents the process of disease progression. We adapted the model from Wong et al.*** and Tsokos & Oguztéreli.””

baseline. We also explored a scenario of
only 70% treatment uptake.

Epidemiological and clinical data

We obtained the age-specific invasive
breast cancer incidences from the 2012
Chinese Cancer Registry Annual Re-
port.” Since ductal carcinoma in situ
incidence is not recorded locally, we
estimated the proportion of ductal car-
cinoma in situ among all breast cancer
incidence cases from a Chinese study
of 3838 patients.”® We calculated age-
specific mortalities from other causes
by subtracting age-specific breast cancer
mortality rates® from the corresponding
age-specific all-cause mortality rates.*

Costs

Data describing the costs of question-
naire, screening (whether ultrasound
followed by mammography if required
or ultrasound plus mammography, de-
pending on age) and biopsy were avail-
able from the screening programme.*
We also obtained the treatment costs by
stage from the study by the programme
working group;® such treatment cost
data were estimated from 2746 inva-
sive breast cancer patients from 37
hospitals across 13 provinces in China,
comprising direct medical costs, direct
non-medical costs and indirect costs.
We used the disposable income per
capita of Chinese urban residents (22.5
United States dollars (US$) per day)”’
and productivity loss days to calculate
the indirect costs. The Chinese screen-
ing programme did not report treatment
costs for women with ductal carcinoma
in situ, so we estimated these costs from
a study of 211 Sichuan Cancer Hospital
patients.” All costs are presented at 2014
values. We used the purchasing power
parity conversion factor to convert cost
values to US$, with US$ 1 equal to 3.51
Chinese yuan.”
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Effectiveness of screening

We used the sensitivity (probability
of positive diagnosis if diseased) and
specificity (probability of negative
diagnosis if not diseased) values from
an earlier study® that enrolled 3062
Chinese women (average age, 45 years)
at risk of breast cancer. 11 screening
modalities were compared, which are
different combinations of clinical breast
examination, mammography and ul-
trasound. We varied the estimates in
the sensitivity analyses in case of any
variation in diagnostic performance due
to the age of the screened population.

QALYs

QALY is a measurement that reflects
both length of life and health-related
quality of life. It is calculated as the prod-
uct of the utility score of a particular
state of health, defined as a dimension-
less number between 1 (perfect health)
and 0 (death), and the number of years
lived. We identified the utility scores for
patients at stage I, II, III and IV from
a cross-sectional survey conducted as
part of the screening programme,” in
which breast cancer patients across 13
Chinese provinces completed EuroQol
five-dimensional questionnaires.
False-positive results could be ar-
gued to undermine quality of life due
to psychological distress incurred;’ a
systematic review estimated a utility
decrement (disutility) of 11-34% for
false-positive results.”” We estimated a
loss of 25% at baseline*’ and explored the
uncertainty in the sensitivity analysis.

Analysis

In agreement with the China Guidelines
for Pharmacoeconomic Evaluations,"
we conducted the analysis from a so-
cietal perspective. In agreement with
these guidelines,* we discounted future

costs and future benefits at 3%. We es-
timated the lifetime costs of screening
and its effects in terms of QALY. We
calculated the incremental cost-effec-
tiveness ratios, defined as the difference
in cost divided by the change in QALY.
The willingness-to-pay threshold was
estimated to be three times the gross
domestic product (GDP) per capita in
China in 2014 (US$ 7683).** An incre-
mental cost-effectiveness ratio of less
than US$ 23 050/QALY* is therefore
an indication that the risk-based breast
cancer screening for urban Chinese
women aged 40-69 years, compared
with no screening, is cost—effective.

To explore the effect of parameter
uncertainty, we conducted one-way and
probabilistic sensitivity analyses. In the
one-way sensitivity analysis, we used the
minimum and maximum estimates for
effectiveness of screening, utility scores
and costs. We varied each parameter in-
dividually to assess its impact on overall
results. In the probabilistic sensitivity
analysis, we varied all variables simulta-
neously to further explore model uncer-
tainty. The input variables were specified
as distributions: costs have a gamma
distribution; QALY values follow a log-
normal distribution; and sensitivity and
specificity of screening follow a beta dis-
tribution as suggested in the literature.*
By varying input parameters over their
respective distributions, we obtained
1000 estimates of incremental costs and
incremental effects. We then plotted the
cost—effectiveness acceptability curves
to show the proportion of simulations
for which the intervention was cost—ef-
fective at different willingness-to-pay
thresholds.

Other scenarios explored included:
(i) the impact of screening every 3 years
or every 5 years, compared with no
screening; (ii) screening every year, but
only 70% of the detected cases having
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Table 1. Parameter values for modelling cost—effectiveness of risk-based breast cancer screening programme launched in 2012 in urban

China
Variables Baseline Minimum Maximum Distribution Reference/source
Disease state progression transition probabilities
Age-specific incidence, years
40-44 0.0006100 = = = Chinese Cancer Registry Annual
Report®
45-49 0.0010056 - - - Chinese Cancer Registry Annual
Report®
50-54 0.0011650 = = = Chinese Cancer Registry Annual
Report®
55-59 0.0011179 = = = Chinese Cancer Registry Annual
Report®
60-64 0.0010458 = = = Chinese Cancer Registry Annual
Report®
65-69 0.0009782 = = = Chinese Cancer Registry Annual
Report®
70-74 0.0009912 = = = Chinese Cancer Registry Annual
Report’®
75-79 0.0009067 = = = Chinese Cancer Registry Annual
Report’®
80-84 0.0007803 = = = Chinese Cancer Registry Annual
Report®
>85 0.0006430 - - - Chinese Cancer Registry Annual
Report®
Ratio of DCIS incidence 0.12 - - - Luetal®
to invasive breast cancer
incidence
RR of invasive cancer from DICS 2.02 - - - SEER Program*
Progression rate
Stage I-Stage Il 0.06 - - - Tsokos & Oguztoreli*
Stage II-Stage Il 0.11 - - - Tsokos & Oguztoreli*
Stage Ill-Stage IV 0.15 - - - Tsokos & Oguztoreli*
Stage IV-death 0.23 - - - Wong et al®
Stage-specific probability of symptoms
Stage | 0.004 - - - Model calibration
Stage Il 0.014 - - - Model calibration
Stage lll 0.380 - - - Model calibration
Stage IV 0.980 - - - Model calibration
Annual fatality rate after treatment
Stage | 0.006 - - - Ginsberg et al.”/
Stage Il 0.042 - - - Ginsberg et al.”/
Stage lll 0.093 - - - Ginsberg et al.”/
Stage IV 0.275 - - - Ginsberg et al.”/
Effectiveness of screening
Ultrasound followed by mammography if required?
Sensitivity 0.848 0.681 0.949 Beta Huang et al.”
Specificity 0.994 0.990 0.996 Beta Huang et al.”
Ultrasound and mammography
Sensitivity 0.939 0.798 0.993 Beta Huang et al.”
Specificity 0.980 0.975 0.985 Beta Huang et al.”
Utility scores
Stage | 0.79 0.77 0.80 Log-normal  Shietal.®
Stage ll 0.79 078 0.80 Log-normal  Shiet al.*’
Stage lll 0.77 0.76 0.79 Log-normal  Shietal*®
Stage IV 0.69 0.65 0.72 Log-normal  Shietal.
Disutility from false-positive 0.25 0.1 034 Log-normal  Peasgood et al.*'
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(.. .continued)
Variables Baseline Minimum Maximum Distribution Reference/source
Costs, US$
Questionnaire 1.6 1.1 2.1 Gamma Cancer Screening Programme
in Urban China™
Screening 85.5 59.8 1111 Gamma Cancer Screening Programme
in Urban China*
Biopsy 456 31.0 59.3 Gamma Cancer Screening Programme
in Urban China*
Treatment costs
DCIS 2435 1705 3166 Gamma Lietal”
Stage | 10067 7047 13087 Gamma Liao et al.**
Stage Il 11068 7748 14388 Gamma Liao et al.*
Stage lll 12867 9007 16727 Gamma Liao et al.*
Stage IV 17766 12436 23096 Gamma Liao et al.*

DCIS: ductal carcinoma in situ; USS: United States dollars.

¢ For women aged 40-44 years.
® For women aged 45-69 years.

access to breast cancer treatment; and
(iii) screening women aged 45-69 years
every 1, 3 and 5 years via mammogra-
phy and ultrasound, compared with
mammography alone (maintaining the
original screening strategy for women
aged 40-44 years).

Results

Our model estimated 43 incident cases
of breast cancer per 1000 women over
a lifetime; 21 were detected via screen-
ing and 22 on presentation with symp-
toms. Table 2 reports the discounted
lifetime costs, QALYs and incremental
cost-effectiveness ratios. Overall, the
risk-based breast cancer screening
yielded higher QALYs compared with
no screening (23.0129 QALYs versus
22.9843 QALYs), but was more expen-
sive than no screening (US$ 335.43 ver-
sus US$ 99.68). The baseline discounted
incremental cost-effectiveness ratio was
US$ 8253/QALY, well below the thresh-
old of US$ 23 050/QALY, indicating that
the risk-based breast cancer screening
programme is cost—effective.

The one-way sensitivity analysis
(Fig. 3) indicates that the costs, utility
scores and effectiveness of screening
have little individual influence on the
cost—effectiveness of the programme.
We found the incremental cost-ef-
fectiveness ratios to be lower than the
threshold at both the upper and lower
limits of these variables. The results
of the probabilistic sensitivity analysis
(Fig. 4) show that, at the threshold of
US$ 23050/QALY, nearly 100% of the
simulations indicate that the risk-based
breast cancer screening programme
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is cost-effective compared with no
screening.

In the scenario analysis (Table 2),
screening every 3 years and every
5 years achieves an incremental cost—ef-
fectiveness ratio of US$ 6671/QALY
and US$ 6917/QALY, respectively.
A scenario of annual screening, but
where only 70% of detected cases are
treated, yields a higher incremental
cost-effectiveness ratio of US$ 11223/
QALY, which is still lower than the
threshold. We also found the scenario
of both mammography and ultrasound
for women aged 45-69 years, compared
with mammography alone, to be cost-ef-
fective. However, in the probabilistic
sensitivity analysis, the confidence in-
tervals of the incremental cost-effective-
ness ratios are very wide: an indication
of considerable uncertainty.

Discussion

The results indicate that compared with
no screening, the risk-based breast can-
cer screening programme is cost—effec-
tive. The results prove to be robust in the
sensitivity analyses when we varied the
estimates for effectiveness of screening,
utility scores and costs.

Our finding that high-risk popula-
tion-based breast screening is cost—ef-
fective has implications for breast
cancer control in other low- and middle-
income countries. Previous studies
have reported that population-based
mammography screening is not eco-
nomically attractive in countries, such
as the Islamic Republic of Iran and
Ghana, with incremental cost-effective-
ness ratios of US$ 389 184/QALY"? and

US$ 12908/QALY,"" respectively. The
Chinese screening programme is more
likely to be cost-effective than other
general population-based screening pro-
grammes, since the detection rate in the
Chinese programme is higher (16%)"
than in general screening programmes
(e.g. 3% in the United States of America
and 6% in New Zealand).'>!¢ This find-
ing is consistent with the study compar-
ing risk-based breast cancer screening
strategies with general programmes,
reporting that risk-based strategies
result in greater health benefits for a
given cost.”

For high-risk women aged 45-
69 years, our scenario analysis shows
that the benefits of ultrasound in ad-
dition to mammography are consider-
ably uncertain. The wide confidence
intervals, indicating uncertainty in the
incremental cost-effectiveness ratios,
do not appear to justify the increased
costs. A potential alternative to the cur-
rent screening strategy could therefore
be mammography screening alone for
high-risk women aged 45-69 years,
instead of both ultrasound and mam-
mography.

Screening every 3 years is the most
cost—effective frequency among alterna-
tives. Compared with screening every
year, screening every 3 years decreases
the total costs significantly, but does
not change the effects significantly.
The results vindicate the 3-year screen-
ing interval for breast cancer in some
countries, such as the United Kingdom
of Great Britain and Northern Ireland.”

Our study explored the impact
of access to treatment on the overall
results, suggesting that the screening
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programme is less cost-effective if not
all detected cases go on to receive treat-
ment. In China, patients need to pay on
average 34% of total medical costs;* this
can limit access to medical treatment for

some women who have been diagnosed
with breast cancer. Some women may
also decide not to seek medical treat-
ment if they are not experiencing any
pain or do not feel ill;** such delays in the
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onset of treatment can however lead to a
poorer prognosis,* reducing the cost-ef-
fectiveness of a screening programme.
As with the previous models,® we
adopted the Markov approach in our

Table 2. Modelled cost—effectiveness ratios of risk-based breast cancer screening programme in urban China, 2014

Comparators Lifetime costs QALY Incremental costs Difference in ICER (95% Cl)

per case (US$) (US$) QALY
Baseline analysis
No screening 99.68 22.9843 - - -
Annual screening 33543 23.0129 235.76 0.0286 8253 (61700 11483)
Screening programme variations versus no screening
Screening every 3 years 184.67 22.9971 84.99 0.0127 6671 (5019 t0 9048)
Screening every 5 years 152.09 22.9919 5241 0.0076 6917 (5157 t0 9416)
Annual screening, but only 70% of 324.17 23.0043 22449 0.0200 11223 (813710 17127)
detected cases treated
Mammography only versus mammography and ultrasound®
Annual screening 30641 23.0115 —29.02 —-0.0014 21246 (=172 049 to 168 866)
Screening every 3 years 172.94 22.9960 -11.73 —0.0011 11000 (73330 t0 99983)
Screening every 5 years 145.37 22.9912 —6.72 —0.0007 9366 (—114804 to 98 149)

Cl: confidence interval; ICER: incremental cost—effectiveness ratio; RR: relative risk; QALY: quality-adjusted life year; US$ United States dollars.

@ Discounted at 3%.

® For women aged 45-69 years. Screening regime for women aged 40-44 years remains unchanged.
Note: Some inconsistency arise in some value due to rounding.

Fig. 3. One-way sensitivity analysis of modelled cost—effectiveness of risk-based breast cancer screening programme, urban China, 2014
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Fig. 4. Probabilistic sensitivity analysis of modelled cost—effectiveness of risk-based
breast cancer screening programme, urban China, 2014

100 : ‘__V,‘___.A.A..‘....‘....A,...‘....A....‘..,.‘....A
1 A
1 E
1
90- :
1
1
80 i
—_ 1
= :
g2 707 .
kv [
7] 1
B 60 3
& i
§ :
= 50+
.-g
‘s
= 40
T_Eu
-§ 30
a
20
10 ;
“....A....‘....A....‘...."'
I I I T I
0 4000 8000 12000 16000 20000

1
24000

Willingness to pay (US$/QALY)

- Noscreening -4 Screening

QALY: quality-adjusted life year; USS: United States dollars.
Note: The vertical dashed line represents incremental cost—effectiveness ratio of USS 8253/QALY.

modelling. While costs and quality of
life are provided in the publications by
the Chinese screening programme,’**>**
no long-term follow-up data are avail-
able. We therefore used a mathematical
model from age 40 years to death to
reflect the differences in costs and ef-
fects. We also adopted a prior natural
history model, meaning that women free
of breast cancer first transition to ductal
carcinoma in situ or stage I, followed
by the remaining stages in sequence; in
contrast, another study” used a model
in which it is possible to progress from
being free of breast cancer to stage IV.
In addition, we calibrated our model to
estimate the probability of symptoms by
cancer stage, using the distribution of
incidence cases reported in the Chinese
Cancer Registry Annual Report 2012° in
an unscreened population.

Further, we incorporated the decre-
ments in health-related quality of life
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from false-positive screening results
into our model. In this analysis, we used
a loss of 25% at baseline and explored
the uncertainty (11-34%). However, the
utility loss from false-positive results®
remains controversial. Although some
argue that pathologically elevated levels
of distress and anxiety are not appar-
ent,* the relatively small number of
studies means that the long-term effects
of false-positive breast cancer screening
are still unknown.”® In this analysis we
used estimates from studies based in
the United Kingdom of Great Britain
and Northern Ireland,”"* which might
bias the cost-effectiveness results of the
Chinese screening programme. How-
ever, we explored the uncertainty and
the results proved to be robust through
the sensitivity analyses.

Limitations of our study also in-
clude the assumption of high-risk wom-
en having a cancer risk index twice that

LiSun et al.

of other women;* the real relative risk
among high-risk women in urban China
is still unknown. Further, the costs of
questionnaires and clinical screening
in this study are derived from the cost
accounting of the screening programme;
other implementation costs such as the
identification of eligible women, the ad-
ministration of risk questionnaires and
other ancillary costs were not included.
This may lead to an underestimation of
costs and subsequently the cost—effec-
tiveness. For progression rates between
stages and the relative risk of invasive
cancer from ductal carcinoma in situ,
we used data from other countries and
assumed the parameters were applicable
to China. These factors require careful
consideration and further research is
required to reduce uncertainty.

We used three times the Chinese
gross domestic product (GDP) per
capita as the willingness-to-pay thresh-
old in our cost-effectiveness analysis.
Although GDP-based thresholds are
commonly cited," they have been cri-
tized.” Even if estimated accurately,
GDP-based cost-effectiveness ratios,
or other estimates of willingness to pay,
do not provide information on afford-
ability, budget impact or the feasibly of
implementation. Although cost-effec-
tiveness ratios are informative in assess-
ing value for money, willingness-to-pay
thresholds should therefore not be used
alone as a decisions rule for priority set-
ting. Local policy context must also be
considered.”

In conclusion, our analysis provides
economic evidence for the cost-effec-
tiveness of risk-based breast cancer
screening in urban China. l
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Résumé

Rapport coiit-efficacité du programme de dépistage du cancer du sein fondé sur les risques en Chine

Objectif Modéliser le rapport colt-efficacité d'un programme de
dépistage du cancer du sein fondé sur les risques en Chine urbaine,
lancé en 2012, comparé a 'absence de dépistage.

Méthodes Nous avons élaboré un modéle de Markov pour estimer
le colit et les effets portant sur la vie entiere, au regard des années de
vie pondérées par la qualité (QALY), d'un programme de dépistage du
cancer du sein chez les femmes a haut risque agées de 40 a 69 ans.
Nous avons tiré ou adopté des données sur l'incidence selon I'age et
la probabilité de transition, dans I'hypothese d'une évolution naturelle
entre les phases du cancer, a partir d'autres études. Nous avons obtenu
les colits directs et indirects de traitement au cours d'une vie en dollars
des Etats-Unis de 2014 (SUS) a partir denquétes menées aupres
de patientes atteintes du cancer du sein dans 37 hopitaux chinois.
Pour calculer les QALY, nous avons déduit des scores d'utilité a partir
denquétes transversales aupres de patientes. Nous avons évalué le
rapport cott-efficacité différentiel selon différents scénarios pour établir
une comparaison avec un seuil de consentement a payer.

Résultats Notre modele de référence de dépistage annuel a donné un
rapport colit-efficacité différentiel de 8253 SUS/QALY, soit moins que le
seuil de consentement a payer de 23 050 SUS/QALY. Les analyses a un
seul critere de classification et de sensibilité probabiliste ont démontré
que les résultats sont fiables. Lexamen de différents scénarios a révélé
que le dépistage tous les 3 ans présente le meilleur rapport cot-
efficacité, avec un rapport cott-efficacité différentiel de 6671 SUS/QALY.
Le rapport colit-efficacité du dépistage est réduit si toutes les femmes
diagnostiquées ne se font pas soigner. Enfin, avantage économique
lié au dépistage des femmes agées de 45a 69 ans par échographie
et mammographie, comparé a un dépistage par mammographie
uniguement, est incertain.

Conclusion Le dépistage du cancer du sein dans les populations a haut
risque présente un bon rapport colit-efficacité par rapport a I'absence
de dépistage.
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Pesiome

JKoHoMUYecKas 3¢pPeKTUBHOCTb NPOrpamMmmMbl CKpUHMHIOBOTO 06CIeA0BaHNSA paKa MOJIOYHON »ene3bl Ha

OCHOBeE OLeHKM pucka, Kutan

Llenb CMonenvpoBaTh SKOHOMUYECKYHO 3GdEKTBHOCTL MPOrpamMmbl
CKPVIHMHIOBOro 06CeA0BaHNA paka MOSIOYHOM »ene3bl Ha OCHOBE
OLleHKM prcka B ropofaax Krtas, kKotopas beina 3anyiieHa 8 2012 roay,
NPy CPaBHEHUM C OTCYTCTBMEM CKPUHWMHTA.

Metopbl ABTOpPbI paspaboTani MapKOBCKYIO MofeNb And OLeHKH
3aTpaT Ha MeauUMHCKoe ObCyXMBaHWe B TeUeHne KN3HU 1
PEe3yNLTaToB (C TOUKM 3peHNA KONMUECTBa NET KN3HW C MOMPaBKON
Ha ee kayecTtBo (QALY)) BHepeHMA NPorpamMmbl CKPUHUHIOBOMO
00CNeAoBaHMA paka MOSIOYHON »Kefesbl ANA KEHLLIMH C BbICOKUM
prckoMm B Bo3pacTe 40-69 net. ABTOPbI BbIBENM CAMOCTOATENBHO UK
NO3aNMCTBOBANM AaHHbIE O 3aBUCUMOCTM YACTOTbl BO3HUKHOBEHNS
paka OT BO3pacTa W O BEPOATHOCTM Mepexofa, OCHOBbIBAACh Ha
€CTeCTBEHHOV NCTOPUM MPOrPecCUpOBaHNA MeXAY CTaAUAMU
paka no AaHHbIM APYrvX UCCnefoBaHuiA. B xone obcnenoBaHui
NaLMEHTOB C PAKOM MOJOYHOW efe3bl B 37 KUTACKMX OOMbHMLIAX
6bINM NoNyyeHbl AaHHble O MPAMbBIX M KOCBEHHbIX 3aTpaTtax Ha
MeaWUMHCKoe 0OCNyKMBaHWe B TeUeHne XW3HK B Jonnapax
CUWA (gonn. CLUA) no kypcy 2014 roaa. Ytobbl BbIUMCINTL MOKa3aTesb
QALY, aBTopbl NOAYYMAN MHAEKCHl OLEHKN 0bLEero coCToAHMA
3[0POBbA 13 MepeKpecTHoro obcnefoBaHnA nalneHToB. beina
npoBeaeHa oLieHKa MHKPEMEHTHbIX KO3OOULIMEHTOB 3DdEKTNBHOCTH
3aTpaT AnA PasNUyYHbIX ClieHapureB A1 CPaBHEHMA C MOPOrom
NNaTexecnocobHOCTH.

Pesynbratbl Co3faHHas aBTopamun 6a3oBasn MOAENb €XErofHOro
CKPVIHWHIa NpUBena K yBenmueHmio KoadpdurLmneHTa 3GdeKT1BHOCTY
3aTpaT B pa3mepe 8253 ponn. CLUA/QALY, uto HUXKe nopora
nnaTexecrnocobHocTu B pasmepe 23 050 gonn. CLUA/QALY.
OAHOCTOPOHHWI 1 BEPOATHOCTHbIN aHann3 YyBCTBUTENbHOCTH
nokasan, Yto pe3ynbTaTbl ABNAIOTCA HafgexHbimu. Vicxoas 13
pe3ynbTaToB MCCNEA0BaHNA Pa3NNUHbBIX CLEHApUEB, MpoBeeHe
CKPVHWMHIOBOTO 06CnefoBaHnA Yepe3 Kaxable 3 rofa AsnAeTca
Hanbonee peHTabenbHbIM C MHKPEMEHTHbIM Ko3ddununeHTom
3ddeKTMBHOCTM 3aTpaT B pasmepe 6671 gonn. CLUA/QALY.
SKOHOMMUECKan 3HEKTUBHOCTb CKPUHWMHIOBOTO 00CeA0BaHNSA
CHVKAeTCA, eI He BCe npollefline AnarHoCTUKY KeHLUVHbI
obpalaloTca 3a neyeHrem. HakoHeL, SKoHOMMYeCKas BbIrOAHOCTb
CKPUHWHIOBOrO 00CNeA0BaHMA KeHLLWH B BO3pacTe 45-69 neT ¢
MCNOMb30BaHVIEM 1 YNBTPA3BYKa M MaMMOrpadui Mo CpaBHEHMIO C
pe3ynsTaTamu NMpu UCMosb30BaHNUM TONBKO MaMMOrpadum ABIAETCA
HeonpeaeneHHou.

BbiBog CKpYHMHIOBOE 0OCNENOBaHME Paka MOSIOYHOW »Kene3bl
CPeAV eHLLWH C BbICOKIM YPOBHEM PUCKa ABNAETCA SKOHOMUUECKN
3G deKTNBHBIM MO CPABHEHMIO C pe3ynbTaTamMun Npw OTCYTCTBUM
CKPUHUHTA.

Resumen

Rentabilidad del programa de deteccion del cancer de mama basado en el riesgo en China

Objetivo Demostrar la rentabilidad de un programa de deteccién del
cancer de mama basado en el riesgo en las zonas urbanas de China,
iniciado en 2012, en comparacion con la ausencia de deteccion.

Métodos Se desarrolld un modelo Markov para estimar los costes y
efectos durante el ciclo vital, en términos de afios de vida ajustados
por calidad de vida (AVAC), de un programa de deteccién del cancer
de mama para mujeres con alto riesgo de entre 40 y 69 afios de edad.
Se obtuvieron o adoptaron datos de la probabilidad de incidencia y
transicion especificos por edad, sobre la hipétesis de una progresion de
la historia natural entre los estadios del cancer, a partir de otros estudios.

Se obtuvieron los costes directos e indirectos del tratamiento vitalicio en
dolares estadounidenses (USD) en 2014 a partir de encuestas a pacientes
con cancer de mama en 37 hospitales de China. Para calcular los AVAC,
se derivaron las puntuaciones de los servicios publicos de las encuestas
transversales a los pacientes. Se evaluaron las relaciones de rentabilidad
incrementales para diversos escenarios en comparacién con un umbral
de la disposicién a pagar.

Conclusion La deteccion del cdncer de mama basada en la poblacién
de altoriesgo es rentable en comparacion con la ausencia de deteccion.

References

1. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015 Mar 1;136(5):E359-86. doi:
http://dx.doi.org/10.1002/ijc.29210 PMID: 25220842

2. FanL, Strasser-Weippl K, Li JJ, St Louis J, Finkelstein DM, Yu KD, et al. Breast
cancer in China. Lancet Oncol. 2014 Jun;15(7):e279-89. doi: http://dx.doi.
0rg/10.1016/51470-2045(13)70567-9 PMID: 24872111

3. National Cancer Center, Disease Prevention and Control Bureau Ministry
of Health. Chinese cancer registry annual report, 2012 ed. Beijing: Military
Medical Sciences Press; 2012.

4. SEER Program. Division of Cancer Prevention and Control, Surveillance
Program, Cancer Statistics Branched [internet]. Bethesda: National Cancer
Institute; 2002. Available from: https://seer.cancer.gov/ [cited 2018 Jun 25].

5. Breast Cancer Screening Programs in 26 ICSN Countries, 2012: Organization,
Policies, and Program Reach. Rockville: National Cancer Institute; 2016.
Available from: https://healthcaredelivery.cancer.gov/icsn/breast/screening.
html [cited 19 June 2018].

6. ShenS, ZhouY, XuY, Zhang B, Duan X, Huang R, et al. A multi-centre
randomised trial comparing ultrasound vs mammography for screening
breast cancer in high-risk Chinese women. Br J Cancer. 2015;112(6):998—
1004. doi: http://dx.doi.org/10.1038/bjc.2015.33 PMID: 25668012

7. Lauby-Secretan B, Scoccianti C, Loomis D, Benbrahim-Tallaa L, Bouvard V,
Bianchini F, et al,; International Agency for Research on Cancer Handbook
Working Group. Breast-cancer screening—viewpoint of the IARC Working
Group. N Engl J Med. 2015 Jun 11;372(24):2353-8. doi: http://dx.doi.
0rg/10.1056/NEJMsr1504363 PMID: 26039523

8. Wong |0, Kuntz KM, Cowling BJ, Lam CL, Leung GM. Cost effectiveness
of mammography screening for Chinese women. Cancer. 2007 Aug
15;110(4):885-95. doi: http://dx.doi.org/10.1002/cncr.22848 PMID:
17607668

9. Wong IO, Kuntz KM, Cowling BJ, Lam CL, Leung GM. Cost-effectiveness
analysis of mammography screening in Hong Kong Chinese using state-
transition Markov modelling. Hong Kong Med J. 2010 Jun;16 Suppl 3:38-41.
PMID: 20601733

576 Bull World Health Organ 2018;96:568-577 | doi: http://dx.doi.org/10.2471/BLT.18.207944


http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://dx.doi.org/10.1016/S1470-2045(13)70567-9
http://dx.doi.org/10.1016/S1470-2045(13)70567-9
http://www.ncbi.nlm.nih.gov/pubmed/24872111
https://seer.cancer.gov/
https://healthcaredelivery.cancer.gov/icsn/breast/screening.html
https://healthcaredelivery.cancer.gov/icsn/breast/screening.html
http://dx.doi.org/10.1038/bjc.2015.33
http://www.ncbi.nlm.nih.gov/pubmed/25668012
http://dx.doi.org/10.1056/NEJMsr1504363
http://dx.doi.org/10.1056/NEJMsr1504363
http://www.ncbi.nlm.nih.gov/pubmed/26039523
http://dx.doi.org/10.1002/cncr.22848
http://www.ncbi.nlm.nih.gov/pubmed/17607668
http://www.ncbi.nlm.nih.gov/pubmed/20601733

LiSunetal.

10.

22.

23.

24.

25.

26.

27.

28.

Wong |0, Tsang JW, Cowling BJ, Leung GM. Optimizing resource allocation
for breast cancer prevention and care among Hong Kong Chinese women.
Cancer. 2012 Sep 15;118(18):4394-403. doi: http://dx.doi.org/10.1002/
cncr.27448 PMID: 22359352

. Zelle SG, Nyarko KM, Bosu WK, Aikins M, Niéns LM, Lauer JA, et al. Costs,

effects and cost-effectiveness of breast cancer control in Ghana. Trop Med
Int Health. 2012 Aug;17(8):1031-43. doi: http://dx.doi.org/10.1111/j.1365-
3156.2012.03021.x PMID: 22809238

Haghighat S, Akbari ME, Yavari P, Javanbakht M, Ghaffari S. Cost-
effectiveness of three rounds of mammography breast cancer screening in
Iranian women. Iran J Cancer Prev. 2016;9(1):e5443. PMID: 27366315
Barfar E, Rashidian A, Hosseini H, Nosratnejad S, Barooti E, Zendehdel

K. Cost-effectiveness of mammography screening for breast cancer in

a low socioeconomic group of Iranian women. Arch Iran Med. 2014
Apr;17(4):241-5. PMID: 24724599

Mi ZH, Ren JS, Zhang HZ, Li J, Wang Y, Fang Y, et al. [Analysis for the

breast cancer screening among urban populations in China, 2012-2013].
Zhonghua Yu Fang Yi Xue Za Zhi. 2016 Oct 6;50(10):887-92. [Chinese.]
PMID: 27686767

Jiang Y, Miglioretti DL, Metz CE, Schmidt RA. Breast cancer detection rate:
designing imaging trials to demonstrate improvements. Radiology. 2007
May;243(2):360-7. doi: http://dx.doi.org/10.1148/radiol.2432060253 PMID:
17456866

Richardson A, Graham P, Brown T, Smale P, Cox B. Breast cancer detection
rates, and standardised detection ratios for prevalence screening in the New
Zealand breast cancer screening programme. J Med Screen. 2004;11(2):65-
9. doi: http://dx.doi.org/10.1258/096914104774061038 PMID: 15153320
Smith RA, Saslow D, Sawyer KA, Burke W, Costanza ME, Evans WP 3rd, et
al; American Cancer Society Breast Cancer Advisory Group. American
Cancer Society guidelines for breast cancer screening: update 2003. CA
Cancer J Clin. 2003 May-Jun;53(3):141-69. doi: http://dx.doi.org/10.3322/
canjclin.53.3.141 PMID: 12809408

Albert US, Altland H, Duda V, Engel J, Geraedts M, Heywang-Kobrunner

S, et al. 2008 update of the guideline: early detection of breast cancer in
Germany. J Cancer Res Clin Oncol. 2009 Mar;135(3):339-54. doi: http://
dx.doi.org/10.1007/500432-008-0450-y PMID: 18661152

Management of breast cancer in women. Edinburgh: SIGN Scottish
Intercollegiate Guideline Network; 2005.

NCCN National Comprehensive Cancer Network. Breast cancer screening
and diagnosis guidelines. Fort Washington: NCCN Clinical Practice
Guidelines in Oncology; 2007.

. Gartlehner G, Thaler K, Chapman A, Kaminski-Hartenthaler A, Berzaczy

D, Van Noord MG, et al. Mammography in combination with breast
ultrasonography versus mammography for breast cancer screening in
women at average risk. Cochrane Database Syst Rev. 2013;(4):CD009632.
PMID: 23633376

Nothacker M, Duda V, Hahn M, Warm M, Degenhardt F, Madjar H, et al.
Early detection of breast cancer: benefits and risks of supplemental breast
ultrasound in asymptomatic women with mammographically dense breast
tissue. A systematic review. BMC Cancer. 2009;9(1):335. doi: http://dx.do.
org/10.1186/1471-2407-9-335 PMID: 19765317

Colditz GA, Atwood KA, Emmons K, Monson RR, Willett WC, Trichopoulos
D, et al. Harvard report on cancer prevention volume 4: Harvard Cancer
Risk Index. Cancer Causes Control. 2000 Jul;11(6):477-88. doi: http://dx.doi.
org/10.1023/A:1008984432272 PMID: 10880030

Voelker R. Quick uptakes: online risk assessment expands. JAMA. 2000 Jul
26,284(4):430. PMID: 10904490

Tsokos CP, Oguztoreli MN. A probabilistic model for breast cancer survival
data. Comput Math Appl. 1987;14(9-12):835-40. doi: http://dx.doi.
0rg/10.1016/0898-1221(87)90232-X

Myers ER, McCrory DC, Nanda K, Bastian L, Matchar DB. Mathematical
model for the natural history of human papillomavirus infection and
cervical carcinogenesis. Am J Epidemiol. 2000 Jun 15;151(12):1158-71. doi:
http://dx.doi.org/10.1093/oxfordjournals.aje.a010166 PMID: 10905528
Ginsberg GM, Lauer JA, Zelle S, Baeten S, Baltussen R. Cost effectiveness

of strategies to combat breast, cervical, and colorectal cancer in sub-
Saharan Africa and South East Asia: mathematical modelling study. BMJ.
2012;344:e614. doi: http://dx.doi.org/10.1136/bmj.e614 PMID: 22389347
LuL, Shao Z,Yang W, ChenY, Wen C. [Analysis of treatment cost of breast
cancer patients with different clinical stages]. Zhongguo Weisheng Ziyuan.
2011;14(3):154—7. [Chinese.]

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Bull World Health Organ 2018;96:568-577 | doi: http://dx.doi.org/10.2471/BLT.18.207944

Research
Breast cancer screening, China

Huang Y, Kang M, Li H, Li JY, Zhang JY, Liu LH, et al. Combined performance
of physical examination, mammography, and ultrasonography for breast
cancer screening among Chinese women: a follow-up study. Curr Oncol.
2012 Jul;19 Suppl 2:522-30. doi: http://dx.doi.org/10.3747/c0.19.1137
PMID: 22876165

Shi J, Huang H, Guo L, Shi D, Gu X, Liang H, et al. Quality-of-life and health
utility scores for common cancers in China: a multicentre cross-sectional
survey. Lancet. 2016;388:529. doi: http://dx.doi.org/10.1016/S0140-
6736(16)31956-0

Peasgood T, Ward S, Brazier J. A review and analysis of health state utility
values in breast cancer: SCHARR. Sheffield: University of Sheffield; 2010.
Beijing Municipal Health and Family Planning Commission’s notification on
distribution of the 2014 national public health special project for chronic
disease prevention and control. Beijing: Beijing Municipal Commission of
Health and Family Planning; 2014.

Li H, Huang Y, Huang R, Li JY. [Standard treatment cost of female breast
cancer at different TNM stages]. Zhonghua Zhong Liu Za Zhi. 2013
Dec;35(12):946-50. [Chinese.] PMID: 24506967

Liao XZ, Shi JF, Liu JS, Huang HY, Guo LW, Zhu XY, et al.; Health Economic
Evaluation Working Group, Cancer Screening Program in Urban China
(CanSPUC). Medical and non-medical expenditure for breast cancer
diagnosis and treatment in China: a multicenter cross-sectional study. Asia
Pac J Clin Oncol. 2018 Jun;14(3):167-78. doi: http://dx.doi.org/10.1111/
ajco.12703 PMID: 28670694

China Public Health Statistical Yearbook. 2010. Beijing: National Health

and Family Planning Commission of the People’s Republic of China; 2010.
Available from: http://en.nhfpc.gov.cn [cited 2018 Jun 25].

National Bureau of Statistics. Tabulation on the 2010 population census of
the people’s republic of China, 2010. Available from: http://www.stats.gov.
cn/english/Statisticaldata/CensusData/rkpc2010/indexch.htm [cited 19
June 2018].

Per capita disposable income of urban households in China from 2007

t0 2017 (in yuan) [internet]. Hamburg: STATISTICA; 2017. Available from:
https://www.statista.com/statistics/289186/china-per-capita-disposable-
income-urban-households/ [cited 2018 Jun 22].

PPP conversion factor, GDP (LCU per international $) [internet]. Washington,
DC: The World Bank; 2016. Available from: http://data.worldbank.org/
indicator/PA.NUS.PPP [cited 2018 Jun 25].

Gotzsche PC, Jargensen KJ. Screening for breast cancer with
mammography. Cochrane Database Syst Rev. 2013;(6):CD001877. PMID:
23737396

Raftery J, Chorozoglou M. Possible net harms of breast cancer screening:
updated modelling of Forrest report. BMJ. 2011 Dec 8;343:d7627. doi:
http://dx.doi.org/10.1136/bmj.d7627 PMID: 22155336

[China guidelines for pharmacoeconomic evaluations]. Beijing: China
Center for Health Economics Research; 2016. [Chinese.]

GDP per capita (current USS) [internet]. Washington, DC: The World Bank;
2016. Available from: http://data.worldbank.org/indicator/NY.GDPPCAPCD
[cited 2018 Jun 25].

Briggs A. Probabilistic analysis of cost-effectiveness models: statistical
representation of parameter uncertainty. Value Health. 2005 Jan-
Feb;8(1):1-2. doi: http://dx.doi.org/10.1111/j.1524-4733.2005.08101.x PMID:
15841888

Vilaprinyo E, Forné C, Carles M, Sala M, Pla R, Castells X, et al.; Interval Cancer
(INCA) Study Group. Cost-effectiveness and harm-benefit analyses of risk-
based screening strategies for breast cancer. PLoS One. 2014;9(2):e86858.
doi: http://dx.doi.org/10.1371/journal.pone.0086858 PMID: 24498285
Global health expenditure database [internet]. Geneva: World Health
Organization; 2014. Available from: http://apps.who.int/nha/database [cited
2018 Jun 22].

Garcia HB, Lee PY. Knowledge about cancer and use of health care services
among Hispanic and Asian-American older adults. J Psychosoc Oncol.
1989,6(3-4):157-77. doi: http://dx.doi.org/10.1300/J077v06n03_11

Wong |0, Kuntz KM, Cowling BJ, Lam CL, Leung GM. Cost effectiveness

of mammography screening for Chinese women. Cancer. 2007 Aug
15;110(4):885-95. doi: http://dx.doi.org/10.1002/cncr.22848 PMID:
17607668

Brewer NT, Salz T, Lillie SE. Systematic review: the long-term effects of
false-positive mammograms. Ann Intern Med. 2007 Apr 3;146(7):502-10.
doi: http://dx.doi.org/10.7326/0003-4819-146-7-200704030-00006 PMID:
17404352

Bertram MY, Lauer JA, De Joncheere K, Edejer T, Hutubessy R, Kieny MP, et al.
Cost-effectiveness thresholds: pros and cons. Bull World Health Organ. 2016
Dec 1;94(12):925-30. doi: http://dx.doi.org/10.2471/BLT.15.164418 PMID:
27994285

577


http://dx.doi.org/10.1002/cncr.27448
http://dx.doi.org/10.1002/cncr.27448
http://www.ncbi.nlm.nih.gov/pubmed/22359352
http://dx.doi.org/10.1111/j.1365-3156.2012.03021.x
http://dx.doi.org/10.1111/j.1365-3156.2012.03021.x
http://www.ncbi.nlm.nih.gov/pubmed/22809238
http://www.ncbi.nlm.nih.gov/pubmed/27366315
http://www.ncbi.nlm.nih.gov/pubmed/24724599
http://www.ncbi.nlm.nih.gov/pubmed/27686767
http://dx.doi.org/10.1148/radiol.2432060253
http://www.ncbi.nlm.nih.gov/pubmed/17456866
http://dx.doi.org/10.1258/096914104774061038
http://www.ncbi.nlm.nih.gov/pubmed/15153320
http://dx.doi.org/10.3322/canjclin.53.3.141
http://dx.doi.org/10.3322/canjclin.53.3.141
http://www.ncbi.nlm.nih.gov/pubmed/12809408
http://dx.doi.org/10.1007/s00432-008-0450-y
http://dx.doi.org/10.1007/s00432-008-0450-y
http://www.ncbi.nlm.nih.gov/pubmed/18661152
http://www.ncbi.nlm.nih.gov/pubmed/23633376
http://dx.doi.org/10.1186/1471-2407-9-335
http://dx.doi.org/10.1186/1471-2407-9-335
http://www.ncbi.nlm.nih.gov/pubmed/19765317
http://dx.doi.org/10.1023/A:1008984432272
http://dx.doi.org/10.1023/A:1008984432272
http://www.ncbi.nlm.nih.gov/pubmed/10880030
http://www.ncbi.nlm.nih.gov/pubmed/10904490
http://dx.doi.org/10.1016/0898-1221(87)90232-X
http://dx.doi.org/10.1016/0898-1221(87)90232-X
http://dx.doi.org/10.1093/oxfordjournals.aje.a010166
http://www.ncbi.nlm.nih.gov/pubmed/10905528
http://dx.doi.org/10.1136/bmj.e614
http://www.ncbi.nlm.nih.gov/pubmed/22389347
http://dx.doi.org/10.3747/co.19.1137
http://www.ncbi.nlm.nih.gov/pubmed/22876165
http://dx.doi.org/10.1016/S0140-6736(16)31956-0
http://dx.doi.org/10.1016/S0140-6736(16)31956-0
http://www.ncbi.nlm.nih.gov/pubmed/24506967
http://dx.doi.org/10.1111/ajco.12703
http://dx.doi.org/10.1111/ajco.12703
http://www.ncbi.nlm.nih.gov/pubmed/28670694
http://en.nhfpc.gov.cn
http://www.stats.gov.cn/english/Statisticaldata/CensusData/rkpc2010/indexch.htm
http://www.stats.gov.cn/english/Statisticaldata/CensusData/rkpc2010/indexch.htm
https://www.statista.com/statistics/289186/china-per-capita-disposable-income-urban-households/
https://www.statista.com/statistics/289186/china-per-capita-disposable-income-urban-households/
http://data.worldbank.org/indicator/PA.NUS.PPP
http://data.worldbank.org/indicator/PA.NUS.PPP
http://www.ncbi.nlm.nih.gov/pubmed/23737396
http://dx.doi.org/10.1136/bmj.d7627
http://www.ncbi.nlm.nih.gov/pubmed/22155336
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD
http://dx.doi.org/10.1111/j.1524-4733.2005.08101.x
http://www.ncbi.nlm.nih.gov/pubmed/15841888
http://dx.doi.org/10.1371/journal.pone.0086858
http://www.ncbi.nlm.nih.gov/pubmed/24498285
http://apps.who.int/nha/database
http://dx.doi.org/10.1300/J077v06n03_11
http://dx.doi.org/10.1002/cncr.22848
http://www.ncbi.nlm.nih.gov/pubmed/17607668
http://dx.doi.org/10.7326/0003-4819-146-7-200704030-00006
http://www.ncbi.nlm.nih.gov/pubmed/17404352
http://dx.doi.org/10.2471/BLT.15.164418
http://www.ncbi.nlm.nih.gov/pubmed/27994285

	Figure 1
	Figure 2
	Table 1
	Table 2
	Figure 3
	Figure 4

